The cardiovascular health (CVH) metrics are closely related to the risk of stroke. Extracranial carotid artery stenosis (ECAS) represents an important risk factor for ischemic stroke. The present study aims to explore the longitudinal effect of the baseline CVH metrics on the development of ECAS. Totally 5,440 participants were randomly enrolled in the Asymptomatic Polyvascular Abnormalities Community study from 2010 to 2011. Information regarding the seven CVH metrics was collected at baseline. ECAS was assessed by performing carotid duplex sonography at baseline (2010-2011) and during the follow-up (2012-2013). Finally 3,487 subjects were included, and 976 participants developed ECAS during the 2-year follow-up. The optimum CVH status was associated with a 42% (95% confidence interval: 0.40-0.85) decreased risk of the incidence of ECAS after adjusting for age, sex, weight, education, income, alcohol use, waist-hip ratio, triglycerides, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, uric acid, homocysteine, and C-reactive protein. Ideal physical activity, total cholesterol and fasting blood glucose were independent protective factors of ECAS. In this cohort study, the ideal baseline CVH status was negatively associated with the occurrence of ECAS during the follow-up. This study provides practical insight for further developing effective screening strategies or implementing the best medical treatment.
ischemia via distal atheroembolization or, less commonly, arterial thrombosis 7 . Thus, effective prevention remains the best approach for reducing the stroke burden 4 .
To reduce cardiovascular mortality by 20% by 2020, the American Heart Association (AHA) proposed seven cardiovascular health (CVH) metrics in 2010 8 , including smoking status, body mass index (BMI), physical activity, diet, fasting plasma glucose (FBG), blood pressure (BP), and total cholesterol (TC). The AHA proposed a shift in emphasis from disease prevention to the prevention of the emergence of the risk factors, namely, primordial prevention 9 . Several studies have demonstrated that the ideal CVH is negatively correlated with coronary heart disease, stroke, atherosclerosis, vascular intima-media thickness, brachial-ankle pulse wave velocity, suboptimal health status, and cancer [10] [11] [12] [13] [14] [15] . A previous cross-sectional study revealed a negative correlation between the ideal CVH metrics and the prevalence of ECAS in northern Chinese adults 16 . However, whether the ideal CVH metrics affect the incidence of ECAS in the general population remains unclear. In this longitudinal study, we aimed to investigate whether individual ideal CVH statuses influence the incidence of ECAS in the general population.
Results
As shown in Table 1 , 55.43% (1,933/3,487) of the study population were male, with a mean age of 53.94 ± 10.71 years, and the average summary CVH score was 8.66 ± 2.20 points. During the 2-year follow-up, 976 participants developed ECAS. The incidence of <50% stenosis and ≥50% stenosis was 27.22% (949/3,487) and 0.77% (27/3,487) , respectively. The difference in the baseline characteristics is shown according to the CVH scores. The individuals in the inadequate group were more likely to be elderly, male, heavier in weight, less educated, high-income earners, and drinkers, and to have a higher waist-hip ratio, higher triglycerides (TG), higher low-density lipoprotein cholesterol (LDL-C), lower high-density lipoprotein cholesterol (HDL-C), higher uric acid (UA), higher homocysteine, and higher C-reactive protein (CRP).
The distributions of the CVH metrics are demonstrated in Table 2 . The ideal smoking, BMI, physical activity and healthy diet status was presented in 64.55% (2,251/3,487), 53.40% (1,862/3,487), 39.03% (1,361/3,487), and 21.16% (738/3,487) of the participants, respectively. The ideal TC, BP and FBG status was presented in 58.88% (2,053/3,487), 19 .73% (688/3,487) and 68.66% (2,394/3,487) of the participants, respectively. The different grades of each baseline CVH metric were significantly correlated with the occurrence of ECAS. The distribution of the inadequate, average, and optimum groups was 2.90% (101/3,487), 60.91% (2,124/3,487), and 36.19% (1,262/3,487) , respectively. Both the sum and grade of the CVH score were negatively associated with the incidence of ECAS ( Supplementary Fig. S1 ). Table 3 presented the risk of ECAS events according to the three categories of the overall CVH scores. Model 1 represented an unadjusted analysis with an increased risk for the average and optimum groups (hazard ratio (HR): 0.63, 95% confidence interval (CI): 0.45-0.86; HR: 0.32, 95% CI: 0.23-0.45, respectively). In the full adjusted model (Model 4), using the inadequate group as a reference, the HRs for the average and optimum groups were 0.73 (95% CI: 0.52-1.03) and 0.58 (95% CI: 0.40-0.85), respectively. Overall, compared with the inadequate group, a gradient relationship was observed between the HR for ECAS and the CVH scores, i.e., the incidence of ECAS was negatively correlated with the CVH metrics summary score. Further risk analyses of the association between the ECAS incidence and each CVH metric were shown in Table 4 . After adjusting for sex, age, and the other six CVH metrics, we found that, compared to the ideal status group, the intermediate and poor status TC groups had HRs of 1.54 (95% CI: 1.33-1.78) and 1.64 (95% CI: 1.37-1.97), respectively. The adjusted HRs for those with an intermediate and poor FBG were 1.29 (95% CI: 1.11-1.51) and 1.25 (95% CI: 1.02-1.52), respectively. The adjusted HR for inactivity was significantly associated with the incidence of ECAS (HR: 1.26; 95% CI: 1.08-1.47). However, no significant correlation was found between smoking, BMI, salt intake, BP or intermediate physical exercise and the incidence of ECAS.
Discussion
In this two-year follow-up cohort study, 3,487 participants were included. In total, 976 participants were identified to experience new events of ECAS, and the incidence was 27.99% (976/3,487). The current study evaluated the longitudinal effects of an ideal baseline CVH status on the incidence of ECAS and showed that the optimum CVH status could decrease the risk of the incidence of ECAS by 42%. To the best of our knowledge, this study is the first attempt to demonstrate the relationship between CVH metrics and the incidence of ECAS in a longitudinal study. Our findings indicate that CVH metrics are independent protective factors for the occurrence of ECAS (HR: 0.58; 95% CI: 0.40-0.85). ECAS is a significant upstream risk factor for stroke, and interventions targeting ECAS are important for the prevention of stroke 17 . However, the relationship of CVH metrics and ECAS has been relatively understudied. This study extended findings from previous studies focusing on the association between CVH metrics and the incidence of CVD events [18] [19] [20] to the general population with ECAS. In another cross-sectional Asymptomatic Polyvascular Abnormalities Community (APAC) study, Zhang et al. reported a clear gradient relationship between the ideal CVH metrics and a lower prevalence of asymptomatic intracranial artery stenosis (ICAS) 21 CVH metrics are positively associated with lower levels of subclinical atherosclerosis as determined by coronary artery calcium and carotid intima-media thickness 22 . However, in the Age, Gene/Environment Susceptibility (AGES)-Reykjavik study, Sturlaugsdottir et al. reported that the CVH score is negatively associated with the total plaque area in older men, but not older women, but was not correlated with the progression of the total plaque area or carotid intima-media thickness over 5 years in either males or females 23 24 . In the same population, Stein et al. reported that physical activity has a significantly lower OR of ECAS (OR: 0.80; 95% CI: 0.79-0.81) and that both physical activity intensity and frequency are associated with lower carotid artery stenosis in a graded manner (P trend < 0.0001) 25 . In India, Kaul et al. evaluated 1,500 asymptomatic individuals (>40 years) and found that smoking (OR: 3.6; 95% CI: 2.18-6.03), dyslipidemia (OR: 4.0; 95% CI: 2.52-6.63), hypertension (OR: 1.8; 95% CI: 1.11-2.96) and diabetes (OR: 2.3; 95% CI: 1.45-3.89) are significantly associated with carotid artery stenosis (>50%), particularly in those with more than 15 year of hypertension (OR: 2.5; 95% CI: 1.33-6.43), diabetes (OR: 6.2; 95% CI: 3.41-11.3), and smoking (OR: 5.2; 95% CI: 2.20-12.1) 26 . Nevertheless, inconsistent data remain. Among 96 patients with asymptomatic ECAS (≥50%), Ehrhardt et al. found that smoking, BMI, dyslipidemia and diabetes has not predictive value for the ECAS severity (OR: 1.06, 95% CI: 0.25-4.44, P = 0.94; OR: 0.92, 95% CI: 0.80-1.05, P = 0.20; OR: 0.98, 95% CI: 0.29-3.31, P = 0.98; OR: 2.61, 95% CI: 0.46-14.98, P = 0.28, respectively) 27 . Song et al. also showed that smoking, BMI, dyslipidemia and hypertension are not associated with the maximum carotid intima-media thickness in 252 Korean patients with acute ischemic stroke (P = 0.021, 0.063, 0.319, 0.559 for men; P = 0.072, 0.586, 0.184, 0.934 for women) 28 . Nonetheless, these observations were limited by the design of the cross-sectional study. Our observation that ideal physical activity, TC and FBG are protective factors against ECAS is consistent with most studies. In addition, the association between the CVH score and smoking, BMI, salt intake and BP are not significant, which could be due to the ethnic difference or insufficient sample size.
The current study reinforces pursuing modifiable risk factors, including lifestyle and drug use, to prevent stroke. The components of the CVH metrics are considered to be modifiable risk factors; thus, improvement in the CVH status may potentially reduce ECAS or subsequent stroke morbidity. Considering the poor risk factor control and low prevalence of the optimum category (36.19%, 1,262/3,487) revealed in our study, improvement is needed to reduce the risks of ECAS events. For example, actively participating in physical exercise is a clearly attainable objective. These findings also provide clues for the debated screening strategy for asymptomatic ECAS in the general population 3 , supporting that the potential involvement of ideal physical activity, TC and FBG in the screening strategy had been used to identify high-risk groups.
Several limitations in this study should be considered. First, compared with the baseline characteristics of the study subjects, those of the lost subjects were an elderly age, mainly male gender, lower education level, higher waist-hip ratio, higher FBG, higher BP, higher homocysteine, and worse CVH status, which increase the susceptibility to atherosclerosis 6, 29 . Therefore, the failure to include certain follow-up subjects might lead to the underestimation of the risk of the CVH metrics on the occurrence of ECAS in our study. Second, the current results were obtained from a community cohort in northern China, which may restrict the further generalization. Third, the measures of the CVH metrics might result in bias to a certain degree. Salt intake is used as a proxy for a modified definition of diet, and the data regarding the smoking status, physical activity status and dietary intake were obtained from self-reported measures.
Conclusions
Our study demonstrated that a poor baseline CVH status was associated with the occurrence of ECAS during the follow-up period. This study provides practical insight for further developing effective screening strategies or implementing the best medical treatment.
Methods
Study design and participants. The design, methods and baseline characteristics of the APAC study have been described previously 30 . The APAC study is a prospective population study based on the Kailuan community in Tangshan City, which is a large industrial city located in North China. In the present study, the inclusion criteria were as follows: (1) aged 40 years or older and (2) complete data of CVH metrics. We excluded participants with a history of transient ischemic attack, stroke, and coronary heart disease. Participants who had ECAS from June 2010 to June 2011 were also excluded. All participants provided informed consents. The subjects received follow-up evaluations in 2012-2013 were included in the final analysis.
The APAC study involved 5,440 participants. In total, 364 participants were excluded because of the presence of ECAS during the baseline examination, 28 participants were excluded because of missing information regarding any of the CVH metrics, and finally, 5,048 participants were included in the cohort. After a 2-year follow-up, 3,738 subjects participated in the follow-up visit, 251 participants failed to undergo carotid ultrasound examinations, and finally, 3,487 participants with complete information in both surveys were included in this study (Fig. 1) .
The mean follow-up period was 2 years, yielding a total of 7,968.59 person-years follow-up. Compared with the study population, the baseline characteristics of the lost group were worse and included an elderly age, the Scientific REPORTS | (2018) 8:12277 | DOI:10.1038/s41598-018-29754-3 male sex, lower education level, higher waist-hip ratio, higher FBG, higher BP, higher homocysteine, and lower CVH score category ( Table 5 ).
Ethics statement. The study was performed according to the guidelines of the Declaration of Helsinki and was approved by the Ethics Committee of the Kailuan General Hospital. Written informed consent was obtained from each participant.
Assessment of cardiovascular health metrics and potential covariates. Information was collected regarding the following variables: age, gender, weight, education level, average income of each family member, medical history, family medical history, alcohol consumption, height, BMI, waist circumference, hip circumference, waist-hip ratio, smoking status, physical exercise, dietary data, BP, FBG, TC, TG, LDL-C, HDL-C, UA, homocysteine, and CRP. The data collection method has been previously described 30 .
CVH metrics consisting of 4 health behaviors (smoking, BMI, physical exercise, and diet) and 3 health factors (TC, BP, and FBG) were measured using standard procedures as previously described 21 ( Supplementary  Table S1 ). Excessive salt intake is frequently observed among the majority of the Chinese population and is closely associated with the risk of stroke events 31 ; therefore, daily salt intake has been used as an alternative measure for the dietary metrics in several studies 32, 33 . Each metric was defined as poor (0 point), intermediate (1 point) or ideal (2 points) by Huffman et al. 34 . All participants were grouped into the following three categories according to the sum of the scores on the 7 CVH metrics: inadequate (0~4 points), average (5~9 points), and optimum (10~14 points) 18, 35 .
Follow-up and outcome assessment.
A face-to-face interview was adopted for this cohort at the follow-up visit up to December 31, 2013. The physicians and nurses who were involved in this follow-up were blinded to the baseline data.
The main outcome was the occurrence of ECAS during the two-year follow-up. ECAS refers to the presence of atherosclerotic narrowing of the common carotid artery, carotid bifurcation, or extracranial internal carotid 3 . Duplex sonography is a widely used, noninvasive, easily performed, and cost-effective initial diagnostic imaging method with high sensitivity and specificity in ECAS evaluation 4, 6, 36 .
The method used to evaluate ECAS has been previously described 17, 30, 37 . In brief, all participants underwent a bilateral carotid duplex sonography. ECAS was defined as a peak systolic blood flow velocity ≥125 cm/s and a vertical artery peak systolic blood flow velocity ≥170 cm/s in the common carotid artery or internal carotid artery. Stenosis was graded according to the diagnostic criteria of the Society of Radiologists in the Ultrasound Consensus Conference in 2003 38 . In our study, the degree of stenosis was classified as none, <50% (mild), andv ≥50% (moderate to severe) involving the bilateral internal or common carotid artery. When both carotid arteries were measured, the most severe grade was recorded as the outcome.
Statistical analyses. The normally distributed continuous variables are presented as the mean ± SD and were compared using a Student's t-test or analysis of variance (ANOVA). For continuous variables with a non-normal distribution and graded variables, the data are presented as the median (interquartile range) and were compared using the Wilcoxon rank sum tests. The categorical variables are presented as a number (percentage) and were compared using chi-square tests.
Cox proportional hazards models were used to assess the ECAS events risk by calculating the HR and 95% CI. The confounding factors were adjusted. For the overall CVH score, the lowest category was used as the reference group, the Cox proportional hazards model used a univariate model, and multivariate modeling was performed to evaluate the impact of the overall CVH metric scores on the incidence of ECAS. ECAS events were the dependent variables, while the categories of the CVH scores were the independent variables. The multivariate Cox proportional hazards model was performed separately for the seven metrics. Using the ideal status as a reference for each metric, the HR and 95% CI for the risk of ECAS events were calculated after adjusting for sex, age, and the other six metrics.
The statistical analyses were performed using SAS software version 9.3 (SAS Institute, Cary, NC). All statistical tests were 2-sided, and the statistically significant level was set at P < 0.05. Table 5 . Comparisons of baseline data between the participants included in the final analysis and these lost to follow-up. Abbreviations: ¥, Yuan; BMI, body mass index; TC, total cholesterol; TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; FBG, fasting plasma glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure; UA, uric acid; CRP, C-reactive protein; CVH, cardiovascular health.
